Arsenic has been widely discussed in connection with carcinogenesis. There have been several reports of the acute and chronic toxic effects after occupational exposure to arsenic.1 2 An excess of cancer mortality, especially respiratory cancer, has been reported in workers engaged in producing insecticides containing arsenic,3 4 in workers spraying insecticides containing arsenic,5 6 and also in smelter workers exposed to high concentrations of inorganic arsenic.7-1" Data from animal studies have shown an interaction between arsenic and selenium compounds which may lower the toxicity of arsenic compounds.12-'4 A fivefold increased lung cancer mortality has been reported in workers at R6nnskarsverken, a Swedish copper smelter, and this excess mortality showed a dose-response relationship with exposure to arsenic.15 The aim of the present study was to investigate the amounts of arsenic and selenium in lung, liver, and kidney tissue from dead workers at Ronnskarsverken, to compare these values with corresponding values from corpses from a control area, and to relate the values obtained to the causes of death.
Received 28 May 1980 Accepted 9 July 1980 Material and methods
The material consisted of 40 dead men who had worked at R6nnskarsverken, a smelter and refinery in northern Sweden, and 11 age-matched dead men from a rural control area 50 km away from the factory. The mean age of the workers was 66 6 years and that of the control cases 67-4 years. All workers consecutively undergoing routine necropsies at the local hospital during 1977 The results are presented in tables 1-4. Table 4 shows the values from the control cases. Age, diagnosis, smoking habit, duration of exposure, and period of retirement from work are also presented in the tables.
The median value of As in lung tissue from all workers was 50 ppb, which is seven times that of the control cases (p < 0 001). The workers in group 1 had as median value in lung tissue of 54 ppb, the workers in group 2 44 ppb, and the workers in group 3 49 ppb. All these three values were significantly (p < 0 001) higher than that in the control group, but they did not differ significantly from each other. The median value of arsenic in liver tissue from the workers, 7 ppb, did not differ significantly from the value of 4 ppb of the control group. Workers dead procedure. In the present work great care was taken The median Se-value in lung tissue in the control to avoid contamination during preparation of the group, 120 ppb, did not differ from the corresponding samples, and with the neutron activation technique value in all workers, 145 ppb. The workers in group 1 used there is no contamination during the analytical showed a somewhat lower median value, 132 ppb, procedure. than those in group 2, though not significantly so.
Another reason for the wide range of normal This tendency for a low Se-value in workers dead values presented may be that As, as a volatile element, from malignancies complies with a 5 % significance is lost during the preparation of samples or in the for the values in kidney cortex, 330 ppm v 755 ppm analytical process. The drying step in the preparation in control cases. In liver tissue there were no sig-of samples and the analytical technique'8 used in nificant differences in Se content between controls the present study has been tested earlier and found and workers or between different groups of workers. to be satisfactory. In the present study a high proportion of the workers died from malignancies, especially lung cancer. Fifteen per cent of the workers had respiratory cancer compared to 12% in the material of The content of arsenic in lung tissue from exposed workers shows a sevenfold increase compared with control cases in the present study. This increase could be taken as a support for As as a causative factor for the increased mortality in respiratory cancer in workers exposed to arsenic. There is not, however, more As in the lungs of the workers dead from respiratory cancer than in the lungs from workers dead from other malignancies, from cardiovascular or other diseases. On the other hand, this does not mean that As is without importance in carcinogenesis. It is necessary to consider many factors such as the amount and duration of exposure to As, biological half life in various tissues, time required to develop malignancy, concomitant exposure to other agents, smoking habits, and protecting factors. The duration of exposure was about the same among workers in group I and group 2, 31 and 33 years respectively. The duration of exposure in the present study is equal to the duration of employment, but this is not a good index of true exposure since working conditions in the factory are complex and have also changed much during the past 40 years.
There was a significant difference in the period of retirement from work between workers dead from cardiovascular disease (group 1) on the one hand and workers dead from malignancies (group 2) and other diagnoses (group 3), viz 3-7 years against 8-2 and 7 9 respectively. The short period of retirement from work in group 1 may imply that malignancies have not had the same possibility to develop as in the other groups.
The measured content of an element in tissues of exposed individuals depends among other things on the biological half life of the element in the particular tissue. The period between the last exposure and death varied in the present investigation between 0 and 23 years. In lung tissue there was no tendency for the As-values to diminish when the period of elapse increased, which indicates a long biological half life. In liver tissue, however, the biological half life seems to be much shorter. There were significantly higher As-values in workers when the period of retirement from work was 0 year (median 13 ppb) or 0-1 year (10 ppb) as compared to those with more than one year (median 6 ppb) of retirement (p < 005). The long biological half life for As in lung tissue indicates that As might be specially dangerous for this tissue.
Smoking is a well-known risk factor for developing respiratory cancer. There was a high proportion of smokers and ex-smokers among the workers (seven smokers, 11 ex-smokers, 12 non-smokers). Unfortunately, information about smoking habits is missing for 10 Remarkably, the highest levels of any of these elements in lung tissue were always observed among the six cases with respiratory cancer. Thus the highest concentrations of antimony in lung tissue were observed in nos 1 and 5 among the cases with respiratory cancer, of cadmium in case no 3, of lead in case no 4, and of lanthanum in case no 6. The highest concentrations of arsenic were also observed in two of the cases with lung cancer (nos 5 and 6) if one worker with a short period of retirement employed at the As-refinery is excluded.
In conclusion it is impossible to point out one particular factor or toxic element as the causative factor for the development of respiratory cancer. A multifactorial theory seems very likely. It may well be that different factors added together, such as smoking, exposure to toxic gases or metals, or both, etc produce the deleterious result. The retention of different toxic metals in the tissues during a sufficiently long period may well be of crucial importance for the development of cancer. Thus further multi-element studies in tissues, especially of toxic elements retained in tissues, are much needed.
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